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Summary 

We describe and analyze pressure measure
ments across vascular stenoses in an atheroscle
rotic human carotid bulb replica using catheters 
of different diameters. 

Replicas of an atherosclerotic human carotid 
bulb were created using the lost wax technique, 
and were placed in a circuit of pulsating non
newtonian fluid. Flows were adjusted to replicate 
human physiologic flow profiles. Common 
carotid artery total flow volume of 600 milli
liters/minute was studied. A pressure recording 
device was calibrated; data were received from 
catheters placed longitudinally in the common 
carotid artery and internal carotid artery. The 
internal carotid artery pressures were obtained 
both through the stenosis as is usually performed 
in the angiography suite and through the vessel 
side-wall beyond the stenosis as a control. 
Internal carotid artery flow volumes were also 
measured with and without the catheter through 
the stenosis. Multiple pressure recordings and 
volume measurements were obtained in the 
replica using 7 French, 5 French, and 2.5 French 
catheters. 

Measurements of the replica showed a 58% 
diameter stenosis and an 89% area stenosis of 
the carotid bulb. All longitudinal pressure mea
surements in the common carotid artery agreed 
with control values regardless of the diameter of 
the catheter used. Pressure measurements were 
also in agreement with control values in the 

internal carotid artery using the 2.5 French 
catheter. However, when larger diameter 
catheters were employed, pressures measured 
with the catheter through the stenosis fell when 
compared to control values. Additionally, inter
nal carotid artery flow volumes were also 
decreased when the larger diameter catheters 
were placed across the stenosis. 

Large diameter catheters when placed across 
vascular stenoses may cause an occlusive or 
near-occlusive state and artifactually increase the 
measured transstenotic vascular pressure gradi
ent as well as decrease forward vascular flow. 

Introduction 

Pressure gradients across vascular stenoses 
are generally measured through end-hole 
catheters to assess the degree of stenosis and 
improvement of lumen diameter following 
angioplasty 1-8. However, the effect of the 
catheter itself on the pressure measurements 
has not been extensively studied. We recently 
obtained a fresh cadaver having a stenotic 
carotid bulb, made accurate castings and repro
ductions of that carotid arterial system, and 
studied the pressure gradients and flows in the 
system with catheters of different sizes within 
the vessel replica. The use of silicone vascular 
replicas -allows for direct in vitro measurement 
and determination of accuracy with control val
ues. We now report the results of those experi
ments. 
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Figure 1 Recorded pressure tracings synchronized to an electrocardiograph demonstrate increased pressure (single arrow) 
during systole (double arrows) and decreased pressure (single arrowhead) during diastole (double arrowheads). E = 
Electrocardiograph tracing, P = Pressure tracing, S = Systole, and D = Diastole. 

Material and Methods 

We created a cast of an atherosclerotic 
stenotic carotid bulb from a fresh human cadav
er using the lost wax technique 9.10. Multiple 
clear elastic silicone replicas made from the 
original cast were placed in a circuit of pulsatile 
non-newtonian fluid 11.12. 

A blood pump (model 1421 Harvard appara
tus, Holliston, Massachusetts) cycling at one 
pulse per second provided fluid flow. Flows 
were adjusted to replicate human physiologic 
flow profiles with a Square Wave Electro
magnetic Flowmeter (Carolina Medical 
Electronics, Inc., King, North Carolina). 

Common carotid artery total flow volume of 
600 milliliters/minute (mllmin) was utilized. The 
proximal internal carotid artery stenosis result
ed in 50% of total flow passing into the internal 
carotid artery and 50% of the total flow into the 
external carotid artery. We calibrated a pressure 

recording device (Tektronix #414 Dual Pressure 
Opt. 21, Beaverton, Oregon) in the flowing fluid 
and synchronized it to the blood pump via an 
electrocardiograph monitor (Tektronix) to 
show peak systole (figure 1). 

2.5 French (F), 5 F, and 7 F single end-hole 
straight catheters were attached to the pressure 
recorder and placed longitudinally within the 
replica, as would be done in a patient. Pressure 
measurements were obtained in the common 
carotid artery and internal carotid artery fol
lowing passage of the catheter beyond the 
carotid bulb stenosis. Control pressure mea
surements were also taken at the same loca
tions following insertion of the catheter 
through the side-wall of the vessel, that is with
out the catheter passing through the carotid 
bulb stenosis (figure 2). Internal carotid artery 
flow volumes were also measured with a gradu
ated cylinder over time prior to and during 
catheter placement through the stenosis. 



Table 1 Ratios of catheter area to artery area 

Artery 

CCA Stenosis 

2.5 F 1.20% 11.6% 

Catheter 5F 5.02% 48.4% 

7F 10.4% 100% 

CCA = Common carotid artery; Stenosis = Narrowed carotid 
bulb 

CCA = Common carotid artery; ICA = Internal carotid artery; 
c = control; 
Pressure measured in centimeters o/water (cm H20) 

Table 3 Calculated trans-stenosis systolic pressure 
gradients 

Catheter 

2.SF SF 7F 

Measured 8 19 28 

Pressure 
gradient 

Actual 8 8 7 

Pressure measured in cm H20 

Results 

Measurements 

Measurements of the vascular cast are as fol
lows: The common carotid artery measured 
7.14 mm diameter (40.0 mm2 cross-sectional 
area), the narrowest portion of the carotid bulb 
2.30 mm diameter (4.15 mm2 area), and the 
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internal carotid artery 5.50 mm diameter (23.8 
mm2 area). 

These values equate to a 58% diameter 
stenosis of the carotid bulb by NASCET crite
ria using the internal carotid artery as a refer
ence and an 89% area stenosis of the carotid 
bulb using the common carotid artery as a ref
erence. 

The arterial replicas reproduced the original 
dimensions of the cadaver specimen to within 
1 %. Measurements of the tips of the 2.5 F,5 F, 
and 7 F catheters are 0.78 mm diameter (0.48 
mm2 area), 1.60 mm diameter (2.01 mm2 area), 
and 2.30 mm diameter (4.15 mm2 area), respec
tively. The ratios of catheter area to vessel area 
are shown in table 1. 

Pressures 

Longitudinal pressure recordings throughout 
the cardiac cycle synchronized to peak systole 
at flow volumes of 600 mllmin yielded the 
results in table 2. From these data measured 
systolic pressure gradients and true systolic 
pressure gradients (using the control values) 
were calculated and are shown in table 3. 
Systolic pressure gradient values are felt to rep
resent the most accurate determinate of degree 
of vascular stenosis 13. 

Pressure measurements in the common 
carotid artery showed essentially no change 
with the control values. There was similar 
agreement in the internal carotid artery with 
the small 2.5 F micro catheter. However, when 
the larger catheters were placed through the 
stenosis there was a significant decrease in the 
measured internal carotid artery pressures 
compared to the control values, and hence an 
increase in the measured transstenotic pressure 
gradient. 

Flows 

Prior to catheter placement through the 
stenosis, flow in the internal carotid artery was 
300 mllmin. With the small 2.5 F microcatheter 
through the stenosis, flow in the internal 
carotid artery only minimally decreased to 290 
mllmin. 

When the larger 5 F and 7 F catheters were 
inserted through the stenosis, flow marked 
decreased to 185 mllmin, and 7 mllmin, respec
tively. 

141 



Pressure Measurements across Vascular Stenoses 

142 

Figure 2 

Discussion 

Pressure gradients across vascular stenoses 
are currently utilized to assess the severity of 
luminal narrowing as well as the degree of suc
cess following angioplasty 1-8. 

Prior publications have suggested that fur
ther luminal compromise by placement of an 
end-hole catheter through the stenosis may 
alter the validity of these measurements 14-18. 

In addition, Serruys et al described overesti
mation of the transstenotic pressure gradient by 
approximating vascular flow and stenosis 
geometry from theoretical mathematical mod
els 19. However, elastic silicone vascular replicas 

so. Imbesi 

,-------------------------------------, B 

made from human cadavers allow us to directly 
measure the vascular pressures in vitro and 
compare these results with control values. 

As expected, pressures measured in the com
mon carotid artery agreed with control values 
regardless of catheter diameter, confirming the 
control value validity. 

Measuring with a microcatheter placed 
through the narrowed carotid bulb, which only 
slightly increases the degree of vascular steno
sis, gives values in the internal carotid artery 
that agree with control values. Internal carotid 
artery total flow was essentially unchanged 
when the micro catheter was pushed through 
the stenosis. The catheter area to stenosis area 
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Figure 2 Catheter with the tip placed longitudinally in the common carotid artery (A) with control (B) and catheter with 
the tip placed longitudinally in the internal carotid artery (C) with control (D). 

ratio was only 11.5%. However, when the 5 F 
catheter was placed through the narrowed 
carotid bulb, the degree of vascular stenosis 
increased, and internal carotid artery flow 
decreased. 

The ratio of catheter area to stenosis area 
was 48.4%. This led to a decreased measured 
pressure in the internal carotid artery (com
pared to the control) and an overestimation of 
the measured transstenotic systolic pressure 
gradient. Producing an occlusive state with the 
7 F catheter, the catheter area to stenosis area 
ratio was 100%, further exaggerated these 
observations. 

Therefore, when using end-hole catheters for 

transstenotic pressure gradient measurements, 
the smaller diameter catheters, in particular the 
use of microcatheters, will yield more accurate 
results. The advent of carotid angioplasty and 
stenting knowledge of these principals will 
result in more accurate patient assessment and 
evaluation of therapy success. 
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